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1. Introduction
  Fishery products are of great importance for human 
nutrition worldwide. The catch in 1996 was about 120 million 
tons in which 26% was of aquaculture origin[1]. In 2002, Asia 
accounted for 91.2% of the aquaculture production quantity, 
which averaged 35 496 000 tons[2]. Seafood is a major vehicle 
for transmission of several bacterial diseases. The faecal 
contamination of natural water bodies has emerged as 
a major challenge in developing and densely populated 
countries like India. The fish harvested from such areas 
often contain human pathogenic microorganisms. In 
addition, poor sanitation in landing centers and the open 
fish markets exacerbates the situation. Escherichia coli (E. 
coli) have been traditionally recognized as an indicator 
organism of faecal contamination of water and seafood[3]. 
According to recently published US Centers for Disease 
Control and Prevention (CDC) data, food borne diseases 
account for approximately 76 million illnesses, 325 000 
hospitalizations, and 5 000 deaths each year in the US alone. 
The impact of the intensive use of antimicrobial agents 
worldwide for prophylactic and therapeutic purposes has 
been associated with the increase of bacterial resistance 
in the exposed microbial environment. Currently, multiple 
antibiotic resistance has been reported in a wide range 
of human pathogenic or opportunistic bacteria[4]. E. 
coli and a cause of foodborne illness and its infection 
often leads to hemorrhagic diarrhea, and occasionally to 
kidney failure, especially in young children and elderly[5].
Objective: To determine the prevalence and antibiotic resistance of Escherichia coli (E. 
coli), in seafood obtained from Cuddalore and Parangipettai fish landing centres. Also, to 
identify the susceptibility of E. coli against predominant seaweeds red alga Kappaphycus 
alvarezii (K. alvarezii) and brown alga Padina boergessenii (P. boergessenii) extracts as sulfated 
polysaccharides and polyphenols respectively. Methods: A total of 48 samples (Two stations 
Cuddalore and Parangipettai, Tamil Nadu, India). Sampling area are fish landing centre where 
fishes caught from sea and estuary, seafood processing plants (packing and ice packed fishes) 
and local fish markets (fish samples). After isolation totally 80 strains were analyzed for its 
antimicrobial resistance and sensitivity against commercially 10 antibiotics. The ampicillin 
resistant E. coli CE21 was identified through molecular techniques as 16S rDNA sequencing. 
Two seaweeds K. alvarezii and P. boergessenii were screened for antibacterial activity against 
12 antibiotic resistant E. coli strains. Results: Totally 48 swabbed samples from two different 
fish handling area were characterized for total bacterial and E. coli count. Mostly, the E. coli 
strains were isolated from fish local market and seafood processing plants before and after 
packaging process. In that maximum 56.25% strains were resistant to ampicillin and the 
minimum 2.5% strains were resistant to chloramphenicol. Therefore, the E. coli CE21 was 
identified through molecular techniques E. coli (GenBank accession number GU065251), The 
MIC value for polyphenol extract was slightly less than sulfated polysaccharides. E. coli strain 
isolated from Parangipettai was considerably increased MIC value that Cuddalore. Conclusions: 
The polyphenol and sulfated polysaccharides showed promising inhibitory response against 
all antimicrobial resistant E. coli strains and in particular the inhibitory response of ampicillin 
resistant E. coli. 
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Typical illness as a result of an E. coli O157:H7 infection 
can be life threatening, and susceptible individuals show 
a range of symptoms including hemolytic colitis and other 
complications, including hemolytic-uremic syndrome and 
thrombotic thrombocytopenic purpura[6].
  Antibiotics are widely used to protect the health of human 
and animals or to increase growth rate of animals as food 
additive. The majority of antibiotics are excreted unchanged 
into the environment. Thus, concerns about the potential 
impact of antibiotic residues in the aquatic environment 
keep growing in recent years[7]. The use of antibiotics may 
accelerate the development of antibiotic resistance genes 
(ARGs) and bacteria which shade health risks to humans and 
animals. The emerging of ARGs in the water environment 
is becoming an increasing worldwide concern. Hundreds 
of various ARGs encoding resistance to a broad range of 
antibiotics have been found in microorganisms distributed 
not only in hospital wastewaters and animal production 
wastewaters, but also in sewage, wastewater treatment plants, 
surface water, groundwater, and even in drinking water[8]. 
Although many of these diseases result in a self-limiting 
diarrheal illness in humans, severe invasive disease or 
prolonged illness in immune compromised individuals can 
occur and may require antimicrobial therapy. Development 
of antimicrobial resistant food borne bacterial pathogens can 
potentially compromise human drug treatments.  
  Seaweed polyphenols was emerging a major category of 
natural products with potential role such as viz, antibacterial, 
antioxidant, anti-inflammatory[9]. Many studies have shown 
the possible benefits of algal extract in forestalling the 
effects of bacteria. Hence, the present study was designed to 
determine the prevalence and the antibiotic resistance of E. 
coli, in seafood obtained from Cuddalore and Parangipettai 
fish landing centres. Also, to identify the susceptibility of 
E. coli against seaweeds red alga Kappaphycus alvarezii 
(K. alvarezii) and brown alga Padina boergessenii (P. 
boergessenii) extracts as sulfated polysaccharides and 
polyphenols. 
2. Materials and methods
2.1. Sample collection and E. coli isolation 
  A total of 48 samples (Two stations Cuddalore and 
Parangipettai, Tamil Nadu, India). Sampling area are fish 
landing centre where fishes caught from sea and estuary, 
seafood processing plants (packing and ice packed fishes) 
and local fish markets (fish samples). Samples of fishes, ice 
and utensils were swabbed (10 cm2) with sterile swab and 
suspended in peptone water with 8.0 pH and transported 
to laboratory within 1-2 h. Samples were serially diluted 
and plated on Zobell marine agar and eosin methylene blue 
(EMB) agar (Himedia, Mumbai) and incubated at 30 曟 for 24-
48 h. Totally 12 bacterial colonies from EMB agar plates were 
subculture on the nutrient medium to check purity of the 
isolate, although virtually pure culture growth was obtained 
from the fish on above the media. All the isolated E. coli 
strains were biochemically characterized with biochemical 
kit-KB002 (Hi Media, Mumbai) which includes indole, 
methyl red, Voges-Proskaur, oxidase, catalase, citrate 
utilization, lysine decarboxylase, ornithine decarboxylase, 
urease, deamination, nitrate reduction, H2S production and 
sugar utilization tests (adonitol, lactose, arabinose, glucose 
and sorbitol). 
 
2.2. Antimicrobial susceptibility testing
  Isolated E. coli strains were tested for antibiotic 
resistance by standard agar disc diffusion technique on 
Mueller Hinton agar using commercial discs (HiMedia, 
Mumbai, India)[10]. The following antibiotics with the disc 
strength in parentheses were used: ampicillin (10 mg), 
amoxicillin (30 mg), ceftriaxone (30 mg), cephalothin (30 
mg) chloramphenicol (30 mg), ciprofloxacin (5 mg), nalidixic 
acid (30 mg), tetracycline (30 mg). rifampicin (5 mg) and 
streptomycin (10 mg).
2.3. DNA isolation and 16S rDNA gene amplification
  The Ampicillin resistant E. coli strain was cultured in LB 
broth (Hi Media, Mumbai) for 2 days and total genomic DNA 
was extracted. The 16S rDNA sequences were amplified by 
polymerase chain reaction (PCR) using universal primers 
8f (3´-AGAGTTTGATCCTGTGCTCAG-5´) and 1490r (5´-
GACTTACCAGGGTATCTAATCC-3´). PCR procedures were 
followed by the method of Kumaran et al[11].
2.4. Sequencing and phylogenetic analysis
  The amplified PCR products were purified using a Genei 
PCR purification kit (Genei, Bangalore). Nearly full-full 
length sequences of the amplified 16S rDNA genes (1 510 bp) were 
obtained by automated sequencer (Bioserve Biotechnologies 
Pvt. Limited, India). The sequences were edited by using 
Clustal X mega software and a BLAST search was performed 
in the National Center for Biotechnology Information (NCBI) 
database to identify the nearest neighbor of the amplified 
sequence. The results of the sequencing were used for 
homology searches. Phylogenetic trees were inferred using 
the neighbor-joining method.
2.5. Nucleotide sequences accession number
  The partially complete (*1510nt) 16S rDNA sequences of 
ampicillin resistant E. coli isolate have been deposited in 
the GenBank database under accession number GU065251.
2.6. Collection of seaweeds
  The seaweeds K. alvarezii and P. boergessenii collected 
from intertidal region of Gulf of Mannar coast, Ramnad, 
Tamil Nadu, India. The algal species were handpicked 
and washed thoroughly with seawater to remove all the 
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unwanted impurities, adhering sand particles and epiphytes. 
Morphologically distinct thallus of algae was placed 
separately in new polythene bags and were kept in an icebox 
containing slush ice and transported to the laboratory. 
Samples were washed thoroughly using tap water to remove 
the salt on the surface of the alga were spread on blotting 
paper to remove excess water.
2.6.1. Sulfated polysaccharides extraction
  The polysaccharide extraction from seaweed K. alvarezii 
was followed by the method described by Subramanian et 
al[12]. 
2.6.2. Polyphenols extraction 
  Polyphenols from P. boergessenii were extracted by shoxlet 
extraction method[9]. Total soluble phenolic compounds in 
the seaweed were determined with the Folin-Cio Calteau 
reagent using gallic acid and expressed as gallic acid 
equivalent (GAE) in milligrams per gram of dry sample. 
2.7. Antibacterial activity assay: evaluation of minimum 
inhibitory concentration (MIC)
  MIC evaluations were performed by the micro-dilution 
method[13]. MH broth was used as the dilution and incubation 
broth. E. coli grown on nutrient agar plates for 16 h was 
suspended in nutrient broth (Himedia, Mumbai). The 
bacterial cell numbers were adjusted to approximately 4伊
106 cfu (colony forming unit)/mL. Seaweeds extract (100 mg/
mL of phosphate buffer with pH 7.4) were subjected to serial 
twofold dilution. Each 80 毺L of the bacterial suspensions 
was added to 20 毺L of each serial two-fold dilution of the 
test material in a 96-well dish plate and then was mixed. 
The bacteria were incubated at 37 曟 for 24 h, and growth 
or no-growth was assessed by read at 620 nm in using a 
microplate reader (VERSAmax tunable microplate reader), 
then MIC was determined. 
3. Results
  Totally 48 swabbed samples from two different fish 
handling area were characterized for total bacterial count 
and E. coli count. All the swabbed samples in peptone water 
were brought to laboratory and plated for total bacterial 
count and E. coli. Though all the samples of fish, ice, water 
and utensils collected from landing centre and fish markets 
were positive for the presence of E. coli (Table 1). Total 
bacterial count was high in fish market of Cuddalore and 
Parangipettai are (5.60依0.48)伊108 cfu/10 cm2 and (1.10依0.32)
伊108 cfu/10 cm2 respectively. In all the sample spots, E. coli 
count were mostly similar except two spots (fish landing 
centre) C1 and P1 are (2.20依0.32) 伊102 cfu/10 cm2 and (5.60
依0.37) 伊102cfu/10 cm2, respectively. Based on the colony 
morphology 80 E. coli strains were isolated from Cuddalore 
and Parangipettai area. In that most of the E. coli strains 
were isolated from fish local market and seafood processing 
plants before and after packaging process. All the 80 strains 
were analyzed for its antimicrobial resistance and sensitivity 
against commercially 10 antibiotics (Figure 1). In that 
maximum 56.25% strains were resistant to ampicillin and the 
minimum 2.5% strains were resistant to chloramphenicol. 
Above 20% of isolated strains were resistant to 6 antibiotics 
(ampicillin, amoxicillin, cephalothin, ciprofloxacin, 
nalidixic acid and tetracycline). Three or more antibiotic 
resistance E. coli strains were segregated as 12 strains as 
CE2, CE3, CE6, CE12, CE19, CE21, PE4, PE6, PE7, PE10, PE14 
and PE18. In that 10 strains were resistant to ampicillin, 5 
to nalidixic acid, 8 to amoxicillin and 7 to tetracycline. E. 
coli CE21 was found to be highly resistant to ampicillin with 
25 mm zone of inhibition and moderately resistant to all the 
other 5 antibiotics.  Therefore the E. coli CE21 was identified 
through molecular techniques as 16S rDNA sequencing. E. 
coli CE21 genomic DNA was isolated and PCR amplified with 
universal primer. Amplified product was sequenced and a 1 
510 base pair DNA fragment was compared to the sequence 
available GenBank, NCBI. Partial sequencing of 16S rDNA 
was performed by Bioserve Pvt Ltd, Hyderabad, India. 
Blast analysis of the sequence data revealed most identity 
with E. coli (GenBank accession number GU065251) and the 
phylogenetic tree was constructed (Figure 2).
  Two seaweeds K. alvarezii and P. boergessenii were 
screened for antibacterial activity against 12 antibiotic 
resistant E. coli strains. These seaweeds extract with 
different chemical nature like sulfated polysaccharides 
and polyphenols respectively were used. Extract powder of 
seaweeds were dissolved in phosphate buffer with two fold 
serial diluted and incubated with bacterial strains. Most of 
the E. coli strains were inhibited within 256 毺g/mL except 
E. coli CE21 inhibition at 512 毺g/mL for both extract. 
When compared with both extracts, a MIC value (Figure 
3) for polyphenol extract was slightly less than sulfated 
polysaccharides. E. coli strain isolated from Parangipettai 
was considerably increased MIC value that Cuddalore.
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Figure 1. Percentage of E. coli strains resistant to 10 antibiotics. 
Note: 1-ciprofloxacin; 2-amoxicillin; 3-ceftriaxone; 4-cephalothin; 
5-chloramphenicol; 6-ampicillin; 7-nalidixic acid; 8-tetracycline; 
9-rifampicin; 10-streptomycin.
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4. Discussion
  The microbial status of seafood after catch is closely related 
to environmental conditions and microbiological quality of 
the water: water temperature, salt content, distance between 
localization of catch and polluted areas (human and animal 
faeces), natural occurrence of bacteria in the water, ingestion 
of food by fish, methods of catch, and chilling conditions. 
Testing of seafood for the presence of E. coli is still a gold 
standard used to assess the faecal contamination in seafood 
processing plants in India and elsewhere. Mead et al 
estimated that this organism is responsible for approximately 
73 000 cases of human illnesses and 61 deaths per year in 
the United States[13]. E. coli is a normal inhabitant of the 
intestinal tracts of all warm blooded animals. From the two 
stations Cuddalore and Parangipettai, fish handling in local 
markets has high E. coli count than other sampling spots 
due to its improper sanitation management. Fishes from 
landing centre were caught from sea and estuaries were 
harboring less count of E. coli when compare with fish local 
markets. E. coli does not survive in the marine environment 
for long and therefore this organism cannot be expected in 
fish harvested off-shore[14]. From all the sampling spots 
totally 80 E. coli strains were isolated and characterized. 
  The increasing incidence of antimicrobial-resistant 
bacteria pathogens will have serious repercussions for 
the future treatment and prevention of infectious diseases 
in both animals and humans. Antimicrobial resistances 
for 80 E. coli strains were estimated with commercially 
available antibiotics. In that maximum 56.25% strains 
were resistant to ampicillin and the minimum 2.5% 
strains were resistant to chloramphenicol. Above 20% of 
isolated strains were resistant to 6 antibiotics (ampicillin, 
amoxicillin, cephalothin, ciprofloxacin, nalidixic acid 
and tetracycline). Bacterial antimicrobial resistances are 
acquired from inclusions of genes on mobile elements such 
as plasmids, transposons, and integrons from other resistant 
strains. Moreover, several efflux pumps associated with 
increasing levels of multiple resistances to tetracycline, 
chloramphenicol, ampicillin, nalidixic acid and rifampin 
have been identified in bacterial strains[15]. However E. 
coli strains are highly capable of acquiring and transferring 
antimicrobial resistance genes to other microorganisms[16]. 
Based on the antimicrobial resistance 12 strains were 
segregated and E. coli CE21 was resistant to ampicillin and 
other antibiotics. Therefore, the E. coli CE21 was identified 
through molecular techniques as 16S rDNA sequencing 
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Figure 2. Phylogenetic analysis of  isolated ampicillin resistant E. 
coli.
Phylogenetic tree constructed through kimura 2-parameter 
model using the neighborhood-joining method. Bar scale 0.02 m. 
Pseudomonas KUMS3 (EU781738) was used as an out group. Queried 
sequence: E. coli BDS3.
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Figure 3. MIC of Seaweeds K. alvarezii and P. boergessenii extract 
against E. coli strains. 
Antibacterial effect of seaweeds extract with MIC in 毺g/mL. 
Table 1 
Totally 48 swabbed samples from two different fish handling area were characterized for total bacterial count and E. coli count.
S.No Source Sampling spots No. of samples TBC cfu/10 cm2 surface E.coli in cfu/10 cm2 surface
1 C1 Fishes surface   9 (4.60依0.55)伊106 (2.20依0.32)伊102
2 C2 Fish surface, ice, packaging materials   7 (7.60依0.25)伊107 (3.40依0.45)伊103
3 C3 Fishes surface, utensils   8 (5.60依0.48)伊108 (6.80依0.36)伊103
4 P1 Fishes surface   7 (8.80依0.62)伊106 (5.60依0.37)伊102
5 P2 Fish surface, ice, packaging materials 10 (3.10依0.52)伊105 (4.90依0.48)伊103
6 P3 Fishes surface, utensils   7 (1.10依0.32)伊108 (1.80依0.62)伊103
Note: Source stations C-Cuddalore; P-Parangipettai; TBC-Total bacterial count. For the entire source, TBC and E. coli counts are denoted as 
mean依SD.
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(GenBank No. GU065251). Antimicrobial susceptibility 
was examined for selected isolates against 6 major 
antibiotics using the agar diffusion method: oxytetracycline, 
chloramphenicol, trimethoprim-sulphamethoxazole, 
nitrofurantoin, nalidixic acid, and ampicillin[4]. Previous 
studies have reported that E. coli isolates from animals 
and from food products can harbor resistance determinants 
to many classes of antimicrobial agents, constituting an 
important reservoir for transmissible resistance genes[17]. 
   Seaweed as a source of bioactive compounds; antioxidant 
activity-carotenoids, antibacterial and antiviral activities of 
dietary polysaccharides-carrageenan, platelet aggregation, 
antitumor activity, hyperoxaluria and hyaluronidase 
inhibition[18]. Two seaweeds extract with different chemical 
nature they are sulfated polysaccharides and polyphenols 
respectively were used to screen the antibacterial activity of 
drug resistant 12 E. coli strains. Earlier reports also stated 
that red algae have an antimicrobial activity against human 
pathogenic bacteria, yeast and fungi[19]. Most of the E. coli 
strais were inhibited within 256 毺g/mL except E. coli CE21 
inhibition at 512 毺g/mL for both extract. Based on the 
observed results, polyphenols extract from P. boergessenii 
showed good activity against E. coli strains. However the 
antimicrobial activity of red seaweeds (Laurencia papillosa 
& Jania corniculata) might be attributed to the presence 
of fatty acids either saturated or unsaturated[20]. Also, 
Phlorotannins, phenolic compounds and diterpenediol 
(crinitol) are reported to be produced by brown algae 
exhibited antibacterial activity[21]. The algal extract from 
P. boergessenii of polyphenol and K. alvarezii for sulfated 
polysaccharides may produce good inhibitory response 
against all antimicrobial resistant E. coli strains. 
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